Computing related content is introduced in school curricula all over the world, placing new requirements on school teachers and their knowledge. Little attention has been paid to fostering the skills and attitudes required to teach the new content. This involves not only traditional computing topics, such as algorithms or programming, but also the role of technology in society as well as questions related to ethics, safety and integrity. As technology develops at a fast rate, so does the content to be taught. Learning computing content through isolated in-service training initiatives is by no means enough, but rather, teachers need to develop confidence to independently and continuously explore what is new, what is relevant and how to include digital competence in their teaching. Teachers' self-efficacy is hence of crucial importance.
INTRODUCTION
As computing related topics are introduced in school curricula a range of new challenges arise. While teaching and learning computing content at university level has been the focus of research Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from permissions@acm.org. ICER '18, August [13] [14] [15] 2018 for quite some time, most questions still need to be formulated and empirically studied in primary and high school education. One of the most important questions concerns teacher preparation; how can teachers prepare for teaching the new content and integrate computing and digital competences in different subjects into their everyday classroom practice. As technology develops rapidly, so does the content to be taught. Learning new content through isolated in-service training initiatives is not sufficient, rather, teachers need to develop the confidence to independently and continuously explore what is new, what is relevant and develop methods through which they can include digital competence in their teaching [14] .
Teacher self-efficacy is a key factor in this process, as it is strongly correlated to an individual's perseverance and resilience in the face of difficulty. A low self-efficacy is more likely to result in lower levels of persistence, and ultimately failure to deal effectively with the task at hand. The higher the sense of efficacy, the greater the effort, persistence, and resilience of the individual [7, 22] . These are factors that are crucial to problem solving endeavours in computing, self-regulated learning, and lifelong learning. There are also studies indicating that teachers with high self-efficacy positively affect student learning and building of new competences [11, 17, 19] . These arguments underpin the important contribution strong self-efficacy in digital competences can make, and emphasise its necessity in supporting teachers as they start to involve themselves in an evolving curricula that include computing and digital competences.
In [13] we described the development of a self-efficacy scale for teachers, focusing on digital competence as described in the European Commission's DigComp 2.0 framework. DigComp is highly influential and affects how computing and digital competences are viewed in national school curricula within the European Union (EU). For instance, revised curricula in Sweden and Finland have seen the introduction of digital competence as a transverse collection of knowledge and skills. The Finnish curriculum came into force in fall 2016, while the Swedish revisions will take effect in July 2018. The DigComp standard can however also be considered relevant to countries outside the EU. The items included in our instrument are directly derived from the key dimensions of the DigiComp framework.
In this paper, we extend our previous work by analysing responses collected from 530 teachers in Autumn 2017 during a series of workshops and professional development events. In a situation like this one, where an entire profession is affected, it is important -both for individual teachers and for decision makers -to be able to evaluate and follow-up on competence levels over time. For this we need both a suitable instrument and comparison data. The goal of this study was therefore to provide data that can be used as a basis for future studies. The results describe teachers' current digital competences and self efficacy. We also identify challenging areas, consequently providing important insight into what topics The study focuses on two main questions:
• What is the current level of teachers' self-efficacy in digital competence? • What areas need to be emphasized in teacher training efforts?
The paper is organized as follows. We begin by briefly describing the theory underlying the notion of self-efficacy. Next we present the DigComp framework and our self-efficacy instrument. We then present the study setting and methodology, and provide the details of our results. We conclude the paper with a discussion of these results and their implications for in-service and pre-service teacher training.
THE DIGCOMP FRAMEWORK
The European Commission defines digital competence in terms of five main competence areas in their framework DigComp 2.0. These competence areas are: 1) information and data literacy, 2) communication and collaboration, 3) digital content creation, 4) safety and 5) problem solving. Each competence area is accompanied by 3-6 competences, describing the skills and knowledge seen as essential for the component at hand (Table 1 ) [4] .
SELF-EFFICACY
Self-efficacy theory is used in educational research, training and other activities where a person is to attain a new, or develop a higher, level of skill. Self-efficacy is defined as a belief in personal agency, for instance one's ability to successfully perform a particular behaviour or task [6] . Bandura discusses self-efficacy in terms of belief in one's capabilities to organize and execute the course of action required to attain a goal [2] . Self-efficacy beliefs exert a palpable influence on behaviour, in particular how long individuals persevere when confronted with difficult tasks and how resilient they will be in the face of difficulty or failure. A low self-efficacy is more likely to result in less persistent efforts in relation to a task, and may ultimately result in failure to complete the task at hand. Attainment of a high sense of self-efficacy is at least as important as possessing the skills themselves. Studies have shown that a person that lacks a certain skill still can complete a task requiring that skill successfully if their self-efficacy regarding the skill is high. Self-efficacy beliefs are also malleable and can affect a person's intellectual performance.
Research on teacher self-efficacy identifies a positive correlation between teacher self-efficacy and students' motivation, achievements and building of competences [11, 17, 19, 24] . Teacher selfefficacy also affects students indirectly via the instructional strategies, planning and a willingness to try out new material and approaches to teaching a subject [20] . Teacher self-efficacy seems to be a rather strong predictor of the way teachers shape their teaching practices in order to foster students' motivation to learn [19] and is thus relevant in education as well as other activities where skill development is a primary focus [16] .
The perceived self-efficacy of an individual refers to an identified strength [7] which is measured by degrees of certainty that one can perform specific tasks [27] . As a consequence, self-efficacy is typically measured directly by the subject of the study using a selfreporting scale. Preparation of a self-efficacy scale that properly measures the behaviour in question requires careful design.
A self-efficacy scale consists of a number of statements (items) that express a personal position in relation to different skills and competences related to the subject in question. Respondents are asked to express to what extent they believe that they could do what is described in the statement based on their current level of knowledge. Answers are recorded on a Likert scale. Statements are positively-worded and express actions rather than expressing specific knowledge. In the case of testing whether a person knows how to turn on a computer, an appropriate statement in a selfefficacy scale might be I could turn on a computer rather than I know how to turn on a computer.
SELF-EFFICACY IN DIGITAL COMPETENCES
As we observed in the previous section, there is an extensive body of literature on self-efficacy [1, 10, 26] . However, this literature, while providing a scholarly foundation for our work, is not sufficiently specific as to be directly applicable to the evaluation of self-efficacy in relation to the teaching of digital competences. Several self-efficacy scales have been developed for computing skills and sub-areas of digital competence, e.g. [3, 5, 12, 15, 21, 25] . While relevant, these scales focus primarily on core computing skills, in contrast to the broader set of skills that DigComp identifies. In [13] we developed a scale aimed at evaluating the self-efficacy of practising school teachers in the context of computing and/or digital competence being added to national school curricula in Europe. The approach being taken by European national authorities affects not only teachers in programming and computing, but also in many other school subjects including mathematics, natural sciences, technology and craft.
As a first step in deriving a self-efficacy scale, we created a list of 74 statements to cover the competence areas and competences specified in DigComp 2.0. The majority of the statements were directly inspired by examples provided by the framework. In addition to the items we extracted from the framework documents we formulated a small number of additional statements to provide specific coverage of competences and knowledge that our prior research and development work has identified are relevant for school teachers. The 74-statement scale was converted into an online questionnaire, where teachers were asked to rate their own confidence in relation to each of the 74 statements on a scale of 1 (very uncertain) to 7 (very confident). In addition, we asked some background questions related to their teaching background and subjects. The scale was distributed online to teachers and school leaders in Finland and Sweden using a combination of social media, mailing lists and group communication tools. The questionnaire was administered in Swedish. Given that the curriculum content related to digital competence is rather similar in Finland and Sweden, these two countries they seemed a natural choice for our pilot study. In addition, there are Swedish speaking teachers in both countries, making it possible to avoid potential ambiguity arising from a need to translate the statements into several languages. Based on 107 responses the 74 items were reduced to 27 statements through removal of redundant items as well as items with poor discriminatory power. This was done by computing discrimination indexes for all items and performing cross correlation between all responses. A more detailed description of the process of developing the instrument can be found in [13] .
METHODOLOGY 5.1 Data collection
The data were collected using the 27-statement instrument during professional development initiatives in Sweden during a threemonth period (September -November) in 2017. The workshops were 1-3 hours long and discussed digital competence from a school perspective building on the questions why, what and how: why is this area introduced in the curriculum, what does it mean in practice and how can the new content be taught? The workshops were interactive and the participants were expected to share ideas and experiences with each other. As Sweden is only about to renew their curriculum it is likely that most respondents had not participated in any large scale professional development programs before attending the workshops.
The instrument was distributed as an online questionnaire during workshops and seminars, giving the respondents the opportunity to ask questions and discuss the instrument right after filling it out. No discussions took place while the respondents answered the questionnaire, and no changes were made to the responses once submitted.
Just as when developing the instrument, we used a 7-point Likert scale when asking respondents to rate the 27 statements based on how certain they felt that they could carry out the activity described in each statement. The response options ranged from 1 (very uncertain) to 7 (very confident).
In addition to the 27 statements, the instrument also asked for background information (years of teaching, experience of technology in teaching, age, gender, grade levels taught, subjects taught, comments on the statements).
The respondents were in one way or another involved in teaching at kindergarten or primary school (grades 1-9) in Sweden. All in all we received 530 responses (80.6 % female, 16.0 % male, 3.4 % would rather not say). Almost 80% of the respondents were teachers, whereas the rest were either principals or had a specific area of expertise (for instance, IT, extracurricular activities or special education). Over a fifth (22%) of the teachers had less than 5 years of teaching experience, 39% had taught for 5-15 years, 26% for 16-25 years and 13% had more than 25 years of teaching experience.
The largest age group was those reporting to be 40 -49 years of age (31.5 %). Roughly one fifth of the respondents were aged under 30 years (16.8 %), 30 -39 years (21.3 %) and 50 -59 years (22.3 %). Only 6.0 % were over 59 years old, while 2.1 % did not want to state their age. Technology use varied greatly, as some respondents stated that they used no technology at all, whereas others listed a long set of tools and approaches for integrating technology in the classroom.
Analysis
Responses were collected using an online form, from which the data were downloaded for statistical analysis. Self-efficacy scores were summed for each respondent across the 27 instrument and the sum was mapped onto the scale 1-7. In this way a composite self-efficacy measure (CSE) was created, making it possible to compare the overall self-efficacy scores of the respondents. The corresponding analysis was also conducted for each competence area separately, in order to make it possible to compare teachers' CSE for the five areas. In addition, we also summed the scores for each of the 27 statements, in order to gain insight into the experienced difficulty level of individual competences. By creating a composite measure, the data were transformed from ordinal into quantitative, making it possible to also calculate descriptive statistics such as medians, means and standard deviations.
In a situation where professional development initiatives are discussed and planned, it is important to have insight into what the actual needs are. To address this question, we describe three general CSE levels (low, moderate and strong self-efficacy) in order to paint a picture of the broad and diverse need for training efforts. A CSE of 1-3 was decided to represent low self-efficacy, 4-5 moderate self-efficacy and 6-7 strong self-efficacy.
Each of the 27 competences in the test relate to one of the competence areas presented in table 1. The cumulative distribution for each competence area was computed to describe differences in distributions of perceived self efficacy for each area.
RESULTS
The composite self-efficacy (CSE) scores can be analysed both on a respondent and a statement basis. When treating the data on a respondent basis we computed a cumulative self-efficacy for the individual by summing the scale values for all items in the instrument. In this case, the lowest possible summed self-efficacy was 27 and the highest possible 189 (27 statements with minimum score 1 and maximum score 7). When conducting the corresponding analysis for individual scale items considering the entire population of respondents, the lowest possible summed score was 530 and the highest possible 3710 (530 responses with minimum score 1 and maximum score 7).
Respondent CSE scores
Individuals with a summed score of 27 points (corresponding to 1 on all statements) were categorized as a CSE of 1, those with a score in the range 28-54 were categorized as a CSE of 2, and so forth.
For our sample the mean overall CSE for all respondents was 4.65, with a standard deviation of 1.22. The median CSE was 5. The distribution of CSE scores among the 530 respondents is presented in Figure 1 .
When conducting the corresponding analysis separately for the five competence areas, we arrived at scores between 5-35 (for areas with five statements) and 6-42 (for areas with six statements). For areas with five statements a CSE of 1 consequently corresponded to (1-7) among the 530 respondents a summed up score of 5, a CSE of 2 to a summed up score between 6-10, and so on. For areas with six statements, on the other hand, a CSE of 1 corresponded to a summed up score of 6, a CSE of 2 to a summed up score between 7-12, and so forth. The CDF plot in Figure 2 illustrates the distribution of CSE scores for the five competence areas (CA1..CA5) respectively.
As the diagram illustrates, teachers' CSE score is the highest (mostly 5 and 6) for the first competence area (CA1: Information and data literacy), while the lowest CSE scores are found in the third competence area (CA3: Digital content creation).
CSE scores for individual competences
Analysis of competence components is based on the cumulative value attributed to the scale statements by the 530 respondents. After sorting the statements according to their score and then categorizing them onto the scale 1-7 (CSE 1 = score 530, CSE 2 = scores in the range 531-1060, and so on), we obtained the results shown in the column "Overall CSE" in Table 2 .
The mean overall CSE for all statements is 4.59 with a standard deviation of 0.80. The median is 5. None of the individual statements or competences has one of the lowest (1-2) or highest (7) CSE scores. The specific competences with the highest overall CSE score (6) are related to using search engines, storing and organizing digital content and recognizing hate speech online. Correspondingly, the competences with lowest self-efficacy (3) are choosing a suitable creative commons licence and writing a program that accomplishes a certain task.
The distribution of CSE scores for each of the competence areas is shown in Figure 2 . We observe a substantial difference between the first and the third competence areas, represented by the top and bottom curves in Figure 2 . A closer look at competence area 3 is presented in Figure 3 , in which the competences labelled C1..C6 correspond to the 6 competences in competence area 3 presented in Table 2 . This closer examination reveals, for instance, that over 60% of all respondents had a weak CSE (1-3) on the statement "I could write a program that accomplishes a certain task provided I had sufficient time".
In addition to looking at the overall CSE scores, we also analysed the scores based on the CSE level (low, moderate or strong). A low self-efficacy is defined as an overall CSE of 1,2 or 3, and was the (Figure 1 ). These cases had a mean CSE of 2.86 and a standard deviation of 0.34. No teacher had the lowest CSE score (1). Over half (56%) of the teachers exhibited a moderate self-efficacy, that is, an overall CSE of 4-5, with a mean CSE of 4.48 and a standard deviation of 0.50. Finally, a strong selfefficacy is defined as a CSE of 6-7. In our study, 26% of the teachers ended up at this CSE level. These cases had a mean CSE of 6.26 and a standard deviation of 0.44. The three columns to the right in Table 2 show the corresponding CSE score for each statement and CSE level. Similarly, the diagram in Figure 4 visualizes the differences in CSE scores between the three levels and the overall result for the 27 statements. The results pinpoint large differences overall for most statements. The gap between a low and strong self-efficacy score is the largest for statement 6 ("I could communicate with someone online without exposing my identity") and smallest for the first competence area (Information and data literacy, statements 1-5).
DISCUSSION
The results presented above show a large spread in teachers' selfefficacy levels. The competences with the highest overall CSE were those in competence area 1, that is, skills related to information and data literacy. This finding is in line with our pilot study when developing the self-efficacy instrument [13] , where we found that the respondents, in general, felt most confident in this area. This can, however, be considered an expected result, as handling data and information is something we all do on a regular basis in our everyday life. Similar results have also been found in other studies, for instance in a survey of school teachers' engagement in computational thinking practices [9] .
Overall, teachers seem to be least confident with regard to competences related to programming and copyright/licenses. Sixty percent of the respondents felt very insecure (CSE 1-3) when it came to solving problems using programming. Similar results have been found elsewhere, for instance in England, where the new subject Computing was introduced in the curriculum in 2014. At that point, 60% of the teachers felt that they were not ready for teaching the new content [23] . In a report from 2017 [18] , 48% of the teachers participating in a survey still were not confident in teaching Computing, due to, for instance, lacking "theoretical and technical knowledge of computing", including aspects of programming.
The large spread becomes particularly obvious when looking at the situation for low, moderate and strong self-efficacy respectively (Table 2 and Figure 4 ). Teachers with a strong self-efficacy had a CSE of 6 or 7 on almost all competences. The only exceptions were the competences related to digital traces, creative commons, programming and digital protection, which all had a CSE of 5. Nevertheless teachers with a strong self-efficacy feel quite or very confident in all competence areas. For teachers with a moderate self-efficacy three competences were rated as strong (CSE of 6-7), while most competences fell in the moderate interval (CSE of [4] [5] . The competences where the respondents felt most insecure (CSE of 3) were the same as those for the respondents with a strong self-efficacy mentioned above (digital traces, creative commons, programming and protection from undesired access) in addition to using technology as a means of constructing a product. Finally, teachers with a low self-efficacy did not have a strong self-efficacy score for any competence. A minority of the competences (7/27) had a moderate score (all competences in the first competence area, recognizing hate speech and summarizing information from different sources), but for the majority of the competences (20/27), teachers were quite insecure (CSE of 2-3).
Clearly, and unsurprisingly, this large spread shows that a onesize fits all teacher training approach is not appropriate, as the needs of teachers with low, moderate and strong self-efficacy are very different. When considering teachers with a low self-efficacy, support and guidance is needed in all competence areas except for the first one. Common to all teachers is a need for guidance in programming, licensing (creative commons) and security (protecting digital devices, managing digital traces). Luckily, quite some effort in teacher training initiatives is currently being invested in developing programming competence, which will hopefully strengthen teachers' confidence in this area. For creative commons, on the other hand, it seems that many teachers simply had no idea of what creative commons stands for and therefore rated their self-efficacy low on that particular competence. This is easily remedied by a short introduction to creative commons and how to use it when referring to other people's work as well as when sharing one's own material. Security issues, particularly when it comes to integrity aspects, have most likely not been taught previously, and these are also areas where many struggle as individuals in their everyday lives. This is hence an area, which calls for more focus in teacher training efforts.
The data analysed in our previous study were most likely not representative of the general teacher community, as the responses were collected through social media and emailing lists focusing on teachers currently enrolled in programming courses or those belonging to specific online interest groups related to digital competence and technology. In the current study, the data were collected during teacher training events, but these were voluntary and were marketed with a clear focus on digitalization and digital competence. Nevertheless, the results are much more diverse and appear to be more representative. One can, however, wonder whether the spread would be even larger in a more extensive and generalizable study setting. As there is still a lack of previous research on teachers' self-efficacy in the area of digital competence, there is not a significant body of empirical data, with which to compare our results. Instead, we advance the results presented in this study as a baseline for further studies and more detailed research. For instance, in Sweden, the National Agency for Education (Skolverket) is rolling out online courses on programming, offering professional development conferences throughout the country and giving universities the task to develop and offer courses aimed at teachers. Similarly, there is a need for teacher training departments to revise their curricula in order to prepare pre-service teachers for teaching digital competence. Using the same instrument to follow up on competence levels, makes it easier for both individuals, organisations and policy makers to evaluate the results of given initiatives as well as decide on what to focus on next.
Finally, respondents with a strong CSE level rated themselves very high (7) on the final competence ("I could adapt my ways of working based on new digital tools"). This competence can be seen as one of the most important ones on the list from a life-long learning perspective; in a situation where technology develops and changes at a fast pace, being able to adapt is crucial. Respondents with low self-efficacy, however, also rated themselves low (3) on this particular competence. Previous studies have indicated that teachers perceive knowledge and attitudes as critical precursors to creating a digitally competent school [8] . Training efforts should henceforth not only focus on helping teachers develop their digital knowledge and skills. Attitudes and mindset are likely to be equally important, and deserve more attention and educational investment.
CONCLUSIONS
Teacher self efficacy in digital competence and computational concepts is crucial to providing young people with the education they will require in our increasingly technological society. Schools and governments must take the need for continuing education in this area very seriously if we are to meet the challenges identified in this study. The results presented here imply strongly that helping teachers develop their self-efficacy in digital competences is important, as studies show that teachers with a high self-efficacy in the subject they teach are more likely to persist longer, provide a better teaching environment and not burn out as easily [24] .
The study also provides some of the underpinnings crucial to addressing future in-service and pre-service teacher training and educational challenges. In particular we have identified some key areas which will require explicit attention. The results presented in this paper can also serve as a baseline for monitoring the development of teachers' self-efficacy over time as well as after particular training efforts. Results from this kind of studies naturally also lend themselves to be compared, thereby providing insight into teachers' self-efficacy in digital competences at a local (school/municipality), national or international level, as well as providing the opportunity to explore the development of instructional capability and capacity over time.
